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Abstract According to scarce available data, the use of coast-
al habitats by bats appears to be the most intensive during
spring and autumnmigrations, when coasts becomemigratory
corridors. Migrating bats might seasonally enrich the fauna of
sea islands and peninsulas, which often are poor in bats out-
side the migratory season. Hel Peninsula is part of the Polish
Baltic Coast that extends the most into the sea; thus, it gives
unique opportunity to assess that phenomenon quantitatively.
To test for seasonal variation in structure of bat assemblage
and bat activity, we recorded echolocation calls on walking
transects. Seven species were recorded in total, with predom-
inance of sedentary Eptesicus serotinus in June–July and mi-
gratory Pipistrellus nathusii in August–September.
Occurrence of bats was the highest in deciduous and conifer-
ous forests and the lowest in coasts and ports. Interaction of
day of year and distance to mainland was highly significant,
indicating that occurrence of bats was increasing from spring
to autumn but this increase depended on location. Far from
mainland, the mean occurrence of bats was rather stable over
time. On transects located close to the mainland, bat occur-
rence was low at the beginning of the season but after mid-
August increased rapidly. We confirmed that some topograph-
ically isolated parts of the sea coasts can host only very
impoverished summer bat fauna. Bat activity in such sites
increase in autumn; however, Hel Peninsula presumably does
not act as a migratory corridor, but only as a target of local
dispersal from mainland.
Keywords Fauna . Poland . Baltic . Coast . Distribution
Introduction
During seasonal migrations between summer and winter
areas, some temperate-zone bats can travel large distances,
sometimes exceeding 1900 km (Fleming and Eby 2004).
Even large, open water bodies are not a permanent barrier
for some migrating or dispersing bats (Baagøe 2001). Long-
distance migrations of bats result in records of single individ-
uals far outside a species’ geographical range or even in the
open sea. Species such as Nathusius’ pipistrelle, Pipistrellus
nathusii, the noctule, Nyctalus noctula, the serotine, Eptesicus
serotinus, the parti-coloured bat, Vespertilio murinus and the
northern bat, Eptesicus nilssonii are found regularly on oil
platforms and ships in the North Sea (Boshamer and Bekker
2008). Bats can cross the open sea not only accidentally but
also during regular migrations; it is known that migratory
species (P. nathusii, V. murinus, N. noctula) leave
Scandinavia in autumn and fly over the Baltic Sea from the
southernmost points of Sweden (Ahlén 1997). Flight over the
Baltic Sea from Sweden to Poland (180–200 km) requires the
use of 8 % fat reserves of the bat and represents a fairly con-
siderable achievement (Hedenström 2009). P. nathusii flying
at a speed of about 20 km/h can theoretically reach the Polish
coast in about 9 h (Ahlén 1997). Eastern red bats Lasiurus
borealis of North America are known to regularly migrate
over the Atlantic Ocean up to 44 km from the shore, but there
are anecdotal sightings of various bat species up to 773 km
from the shore (Hatch et al. 2013).
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Data concerning the use of marine coastal habitats, as well
as bat activity on coasts and the sea itself are scarce, even
though these habitats may play crucial function in long-
distance bat migrations. Along coasts in Great Britain, sandy
and gravel beaches, dunes and coastal marshes are preferred
by bats (Walsh and Harris 1996). In Finland, Baltic ports are
used as foraging sites, especially by Daubenton’s bat, Myotis
daubentonii, and the northern bat, E. nilssonii (Wermundsen
and Sivonen 2008). The use of coastal habitats by bats is the
most intensive during the spring and autumnmigrations, when
the narrow strips of coast, such as sand spits between sea and
lagoons become migratory corridors (Jarzembowski 2003)
and extending peninsulas act as starting points or stop-
overs between large bodies of water (Dzal et al. 2009;
McGuire et al. 2012).
Migrating bats seasonally enrich the fauna of sea islands
and extending peninsulas, which are often poor in bat species
and individuals outside the migratory season; for example,
P. nathusii, regularly visits the Danish island of Bornholm
(Baltic Sea) in autumn (Baagøe 2001). Bats even visit islands
that are completely devoid of local bats, such as when the
hoary bat, Lasiurus cinereus, visits small, treeless islands near
the coast of California (Cryan and Brown 2007). There are
also records of individual bats on islands far from their migra-
tory pathways, probably as a result of strong winds pushing
them off course (Petersen et al. 2014). Some of these exam-
ples, however, might be the result of passive transport by
humans, especially via ship cargoes (Constantine 2003;
Petersen et al. 2014).
In Scandinavia, bats inhabit some islands that are located
far from the coast (Ahlén 1983). Factors that restrict this phe-
nomenon include the small surface of the island, a scarcity of
trees, a lack of roosts, and a low diversity and abundance of
insect prey. On the smallest islands, no maternity colonies
persist (due to the high energy requirements of lactating fe-
males) and only adult males settle there (Johansson and De
Jong 1996). Both small marine islands and narrow, extending
peninsulas can be treated as examples of landscape patches
with limited possibilities of access and dispersal for bats,
surrounded by large areas of unsuitable habitats, although
the level of isolation in the case of islands is much higher.
The Hel Peninsula is part of the Polish Baltic Coast that
extends 34 km into the sea. Data concerning species compo-
sition and distribution of bats that inhabit this area are lacking.
There is one report of P. nathusii being found on a fishing boat
between Hel and Gdańsk on 18 May 1928 (Lüttschwager
1939) and a breeding colony of the same species in the attic
of a house in Kuźnica (Ciechanowski et al. 2000). The relative
isolation of the Peninsula, its narrowness and scarcity of fresh-
water bodies makes it a perfect area to test whether such ex-
tended parts of sea coasts can sustain permanent bat popula-
tions or act as a temporary stopover (or even as a corridor)
during seasonal migrations. Thus, the aim of this study was to
examine the species composition, distribution pattern, and
habitat use by bats in the narrow, coastal peninsula during
the two phenological periods: breeding and the autumnmigra-
tion. We hypothesized the Hel Peninsula not only hosts resi-
dent, breeding bat populations in early summer but also serves
as amigratory corridor and stopover during autumnmigration,
leading to the following predictions: (1) spatial concentrations
of foraging individuals would occur in June–July, (2) bat ac-
tivity would increase between June–July and August–
September periods, (3) no significant relationship would occur
between distance from the mainland and bat activity both in
early summer and late summer/autumn. The third prediction is
based on assumption that bats from local breeding colonies
commute in all directions but do not enter the Peninsula from
the outside, while seasonal migrants, if using the Peninsula as
a corridor, move along its whole length, from the base to the
tip. Additionally, we aimed to determine if the presence of bats
on the Peninsula is enhanced by winds of particular direction
(e.g. associated with influx of individuals from external, main-
land areas) and if the bats select habitats providing them more
shelter from strong, gusty winds, typical for exposed elements
of marine coast.
Study area
The Hel Peninsula is a sandbar located in northern Poland; it
separates Gdańsk Bay and its internal part, Puck Bay, from the
open Baltic Sea and extends along a NW–SE axis. It is 34 km
long and its width ranges from 150 m near Kuźnica village to
3000 m in Hel city. The total land surface of the Peninsula is
31.3 km2. Its area is mostly covered by sand dunes (reaching
23m a.s.l., Przewoźniak 1979), the highest of which are found
in the narrowest, northwestern part, whereas the lowest are
near the wide tip (Gerstmannowa 1995). Reservoirs of fresh
water are scarce and are restricted to small forest pools,
swamps and marshes near Jastarnia, Chałupy and Hel.
The Hel Peninsula is under the influence of a marine cli-
mate. The mean January temperature is between 0 and −1 °C,
whereas the mean July temperature is between 17 and 18 °C
(Kondracki 1998). The local climate is shaped by the impact
of mostly westerly winds, which reach the lowest speeds in
June (Miętus et al. 2005). Characteristic features of this cli-
mate are a large number of cloudy days, a relatively
high annual precipitation (650 mm), and a late and rel-
atively cool summer.
Vegetation on the Peninsula demonstrates a clear zonation,
typical for sand bars (Gerstmannowa 1995), with several eco-
system zones (Przewoźniak 1979): (1) beach; (2) treeless
dunes with initial vegetation (along the open sea shore); (3)
dunes parallel and perpendicular to the shore, covered by pine
forests; (4) poorly developed dunes along the shore of Puck
Bay, covered by psammophilous swards; (5) flats along the
shore of Puck Bay, covered by poor meadows and reed beds;
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and (6) heath on shallow peat and muck (Machnikowski
1998). Forests (mostly either Scotch pine or birch-oak stands
with small patches of swamp birch and alder woodlands) form
an uninterrupted belt along the whole Peninsula, covering
1417 ha in total. The mean age of the treestands is 116 years,
but on old military training grounds, they can reach 140 years
(Machnikowski 1998). However, even the oldest trees are
small due to the difficult conditions on the sandy dunes and
strong winds—this results in a low number of hollow trees
that could serve as potential roosts for bats.
Few settlements (with a collective total of about 8000 peo-
ple) are present in the study area: the cities of Hel and
Jastarnia, former villages that belong to Jastarnia (Kuźnica
and Jurata) and the village of Chałupy. Settlements consist
of mainly low houses and only a few older churches. In some
parts of the Peninsula, fortifications (concrete shelters) were
built just before or during World War II and have remained
until recent times; additionally, the area was used as a main
Polish Navy base before and after the war, resulting in several
multi-storied buildings (Kondracki 1998).
Materials and methods
Field studies
Themajority of data about bat fauna of the Hel Peninsula were
collected by recording echolocation calls along linear tran-
sects (Jüdes 1989). We conducted the study from mid-June
to the beginning of October during two seasons: 2007 and
2008. Each study season was divided into two phenological
periods: (1) late pregnancy, parturition, lactation and weaning
of young bats (frommid-June to the beginning of August) and
(2) dispersion of nursery colonies, autumn migration and mat-
ing (August–September; Rydell et al. 2014). We did not sam-
ple the period of spring migration, as it appears to be much
shorter on the Polish Baltic Sea Coast (Jarzembowski 2003
but contrary to the data from the other countries around the
Baltic Sea—Rydell et al. 2014); thus, it would be hard to
finish recordings on all transects before the end of the pheno-
logical period.
The 18 transects (closed polygonal chains) were
established as evenly as possible along the whole Peninsula
using 1:10,000 topographic maps (Fig. 1). The total length of
all transects was 41.9 km and the mean length of the transects
was 2.33 km. With five exceptions, we visited each transect
twice in both seasons, resulting in 36 recording sessions
(visits) per season. Each transect was walked on foot twice
during the evening, exclusively when no rain was present or a
wind velocity faster than 6 m/s was noted. The first walk
began 30 min after sunset and lasted 45 min and the second
walk started immediately following the first one (hereafter
known as Bevening^ and Bnight^ walks, respectively). The
twowalks allowed to record the activity of species that emerge
from roosts just after the sunset (Nyctalus, Eptesicus,
Pipistrellus) and about 1 h later (some Myotis) (Jones and
Rydell 1994). The transects crossed several different habitats;
thus, they were divided into sections that were measured on
1:10,000 maps. The sections were classified into eight habitat
classes: (1) coastal marshes (including reed beds); (2) beaches
forming an uninterrupted belt along the coast of open Baltic
Sea, but occurring at sites unoccupied by ports and reedbeds
along the coast of Puck Bay; (3) mixed forests with a signif-
icant proportion of birch, alder and oak, besides dominating
Scotch pine; (4) coniferous forests—pure stands of Scotch
pine; (5) forest edge—a border between the tree stand and a
built-up area, beach or any other open habitat (only if a tran-
sect crossed parallel to the edge); (6) roads and rails—an as-
phalt road or a railroad along the whole Peninsula, usually
crossing the forest (if the road or rail ran along the forest edge,
it was classified as habitat 5, if it crossed the built-up area—as
habitat 8); (7) ports—sections of transects running along
wharfs and piers; and (8) built-up areas (settlements).
In 2007, we recorded bats using two narrowband ultra-
sound detectors (Pettersson D-100), working in heterodyne
mode. One of the detectors was constantly tuned to 45 kHz
and the other to 25 kHz to maximize the chance of detection of
bat species emitting low- (Nyctalus, Eptesicus, Vespertilio)
and high- (Pipistrellus, Myotis) frequency calls. If any flying
bat appeared, we tuned the detectors to the frequency at which
the output calls were the loudest, i.e. peak frequency (frequen-
cy of maximum amplitude). Bats were identified in the field
based on how the calls sounded (tonal quality), the peak fre-
quency, repetition rate (Table 1), visually observed silhouette
and flight style (Ahlén 1990). Each of the three persons that
conducted bat observations was subjected to minimum half-
year training in auditory determination of bat calls heard
through a heterodyne detector, based on recordings available
on CD-ROM by Barataud (1996). Additionally, a bat fauna
consisted of only 11 species (Myotis nattereri,M. daubentonii,
Fig. 1 Distribution of transects used for recording bat calls on the Hel
Peninsula, northern Poland in years 2007–2008
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V. murinus, E. nilssonii, E. serotinus, Pipistrellus pipistrellus,
Pipistrellus pygmaeus, P. nathusii, N. noctula, Nyctalus
leisleri, Plecotus auritus) is known from the mainland areas
directly adjacent to the base of the Peninsula (Ciechanowski
et al. 2000; Ciechanowski 2003; Ciechanowski and
Szkudlarek 2003; M. Ciechanowski, unpubl.), significantly
limiting the number of taxa predicted to be present in the study
area. In 2008, we recorded bats by broadband ultrasound de-
tector (Pettersson D-230), working in a retained amplitude
frequency division mode and connected to a digital audio
recorderM-AudioMicrotrack II. Divided-by-ten echolocation
calls were recorded on a CF card and were analysed using
Batsound 3.31 software (Pettersson Elektronik AB,
Sweden). We determined bats to the species level, based on
the general type of call (fm-QCF, FM-qcf, FM) and on the
frequency of the maximum amplitude (peak frequency) and
length of the interval between calls (Table 1). In both seasons,
we defined a single observation as a ‘pass’—a sequence of
echolocation calls separated by at least a 2-min gap between
the previous and the following sequence.
Weather data used for statistical analysis were provided by
the weather station of the Institute of Meteorology and Water
Management in Hel city (for each day when recording on any
transect was conducted). The air temperature was measured
2 m above the ground, and wind speed and direction were
monitored 23 m above the ground.
We checked potential summer and winter bat roosts, in-
volving 24 bird and bat boxes (the only present in the area)
near Hel city (at the beginning of August in 2007 and 2008)
and 10 concrete fortifications (shelters and artillery batteries)
in February 2003 and 2009. We also collected incidental data
involving bats of the Hel Peninsula: individuals captured by
ornithologists in mist nets on a spring bird ringing station in
Kuźnica in 2007 (n=4), bats which were found grounded by
local inhabitants in spring 2006 and 2013 (n=2), and two
nursery roosts in houses reported by citizens of Kuźnica
(1996–1997) and Chałupy (2009) and subsequently checked
by either daily visits or evening emergence counting and mist
netting (n=2). Some fortifications were checked again in
November 2014, and 27 new styrofoam-concrete boxes (set
up in autumn 2013) were inspected in August 2014.
Statistical analysis
To test for differences in the numbers of bat observations
between the two phenological periods (June–August and
August–October), we used the Mann-Whitney U test. The
Spearman rank correlation was applied to test the relationship
between bat activity and the distance of a particular transect’s
centroid from the mainland (i.e. the base of the Peninsula). We
applied the chi-squared Pearson test to check whether bat
presence correlated with a particular wind direction. For this
Table 1 Diagnostic features, used for species determination of bat calls during study. A compilation based on Ahlén (1990) and Barataud (1996)




Repetition rate Rhythm Call structure Other features
Myotis sp. Hard clicks Fast Regular FM – 38–55
Vespertilio
murinus



























Fast Irregular FM-qcf 38–40
Pipistrellus sp. Soft clicks,
smacking
Fast Irregular FM-qcf 41–43; 50–51
Nyctalus noctula Metallic clapping Slow Regular, alternative fm-QCF, FM-qcf 18–22
Nyctalus leisleri Metallic clapping Slow Regular, alternative fm-QCF, FM-qcf 24–27
Plecotus sp. Hard clicks, very
quiet
Fast Regular FM, FM-qcf D 2–5, IL <50 38–55
D duration (ms), IL interval length (ms), FM frequency modulation, QCF quasi-constant frequency, fm-QCF a call with short portion of modulated
frequency and predominant part of quasi-constant frequency, FM-qcf a call with predominant part of modulated frequency and a short ending of quasi-
constant frequency
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purpose, we compared actual numbers of observations in four
classes (N, E, S and W, data from windless nights were ex-
cluded) to the expected numbers, to see whether bat observa-
tions were distributed in proportion to the number of half-
evenings with a particular wind direction. The data from the
2 years were combined for every test.
Generalized additive mixed model (GAMM) was used to
investigate the effects of habitat characteristics and parameters
of controls on the occurrence of bats. We performed GAMM
with binomial error distribution and logit link and used occur-
rence (presence vs. absence) of bats during control on each
section of the study transect as a response variable. In total,
data for 427 walks distributed over three to five sections in 18
transects and 2 years were available and used as single records
in the modelling. As results from separate controls performed
in the same transects and sections are not fully independent as
well as data from the same section of a given transect over
different walks, we used transect ID and section ID as random
factors in GAMM. Moreover, we controlled for the effect of
year by including it as random factor in the model. Six ex-
planatory variables were used in modelling: (1) habitat as
categorical factor with eight levels, (2) order of control as
categorical factor with two levels—evening vs. night, (3)
speed of wind and (4) temperature as two covariates.
Moreover, two variables, day of year and distance to main-
land, were fitted as interaction of the penalized thin plate re-
gression splines with knots number set to 10 to keep the fit
relatively simple (the higher the number, the more complicat-
ed the fit is). Splines are formed by smoothly joining two or
more polynomial curves, and the number of joins is chosen to
minimize generalized cross validation criterion resulting in
optimal degree of smoothness. As an effect, we were able to
test the non-linear relationship between occurrence of bats and
distance to mainland changing over the study period. We used
Bmgcv^ package (Wood 2006) in R program (R Core Team
2013).
Results
Across the two seasons, 129 detector observations of six bat
species were recorded on the Hel Peninsula, including
serotine, E. serotinus; Nathusius’ pipistrelle, P. nathusii; com-
mon pipistrelle, P. pipistrellus; soprano pipistrelle,
P. pygmaeus; noctule, N. noctula; and an unidentified Myotis
sp. Apart from the latter, some other observations were also
classified only to the genus level, due to the low quality of
audio recording or a very short time of observation.
During early summer, only 31 detector observations of bats
were obtained, among which E. serotinus and P. pipistrellus
were the most numerous. In late summer and autumn (i.e.
autumnmigration), more than three timesmore (98) bat passes
were recorded, with P. nathusii predominating in the sample
(Table 2). The number of observations/transect/visit was sig-
nificantly larger during the autumn migration than during the
nursing period (Mann-Whitney U test, Z=2.80, p=0.005).
Except for numerous detector observations, only 10 bat re-
cords, mostly of P. nathusii, have ever been obtained from
the Hel Peninsula. One grounded individual of the parti-
coloured bat V. murinus (the seventh species on Peninsula)
was found and photographed in spring 2013. Only two bat
species can be considered as occasionally breeding on Hel
Peninsula. A nursery roost of P. nathusii was found in 1996
in the attic of a house in Kuźnica, but a subsequent visit to the
Table 2 The number of bat observations (passes) from ultrasound detection on linear walking transects in both phenological periods in the Hel
Peninsula, Poland, in years 2007–2008





Myotis sp. – 6 6 4.7
Eptesicus serotinus 7 22 29 22.5
Eptesicus sp. 3 2 5 3.9
Pipistrellus pipistrellus 6 21 27 20.9
Pipistrellus pygmaeus 4 2 6 4.7
Pipistrellus nathusii 3 34 37 28.7
Pipistrellus sp. 1 2 3 2.3
Nyctalus noctula 4 6 10 7.8
Nyctalus sp. 1 – 1 0.8
Unidentified 2 3 5 3.9
Total 31 98 129 100.0
Median/transect 0.0 1.0
Quartiles (25–75 %) 0.0–1.0 0.0–2.0
Min.–max. 0.0–9.0 0.0–27.0
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same roost in 1997 failed to locate any bats. A nursery colony
of P. pygmaeus occupied crevices in the roof of a house in
Chałupy (2009); however, no bat emergence or concentration
of commuting P. pygmaeus was observed in the evening on
transect 13, adjacent to that roost and neighbouring buildings,
neither in 2007 nor 2008. No bats or their droppings were
found in bird or bat boxes and no individuals hibernated in
the abandoned military objects in 2007–2008. However, a
single, active Natterer’s bat M. nattereri was found in late
autumn 2014 in a small air-raid shelter, while 14 adult
P. nathusii occupied new bat boxes in 2014 (Table 3).
In early summer, no significant correlation between the
number of bat observations and the distance between the tran-
sect’s centroid and the mainland was found (Spearman’s rank
correlation, r=–0.07, p=0.8). However, a significant, negative
correlation was found in late summer (r=–0.65, p=0.004). On
the controlled transects, occurrence of bats was affected by the
habitat type. Occurrence of bats was the highest in deciduous
and coniferous forests and the lowest in coasts and ports
(Fig. 2, Table 4). Temperature positively affected the presence
of bats, and increase of temperature by 1° raised the odds of
bat occurrence by 37 %. The speed of wind had no effect on
the presence of bats but their occurrence was by 44 % less
likely during night than in evening part of the sampling
(Table 4). The interaction of day of year and distance to main-
land fitted with splines was highly significant, indicating that
occurrence of bats was increasing over time (from spring to
autumn) but this increase depended on the distance from
mainland (Table 4, Fig. 3). On the transects located far from
mainland (over 20 km), the mean probability of occurrence of
bats was rather stable over time and was below 0.1. On tran-
sects located close to the mainland (10 km and less), the prob-
ability of bats’ occurrence was low at the beginning of the
season (Fig. 3b, c) but, after day 220–240 (ca. mid-August),
increased rapidly exceeding 0.8 in late autumn (beginning of
October, Fig. 3d). The numbers of bat observations differed
significantly in relation to wind direction from expected (χ2=
18.84, df=3, p=0.0003); more bats than expected were ob-
served in westerly winds (chi-squared 2×2 test, χ2=4.84, p=
0.03), whereas fewer than expected bats were observed in
southerly winds (χ2=10.53, p=0.001).
Discussion
We confirmed only the second prediction that bat activity on
the Hel Peninsula would increase between early summer and
Table 3 Additional qualitative records of bats from the Hel Peninsula
Locality Date Species Method Number, sex and age Comments
Kuźnica 23 July 1996 Pipistrellus nathusii rc incl. juv. Colony, attic, house
Hel 7 July 2006 Pipistrellus nathusii f 1♂ ad. Near the chimney of a house
Kuźnica 24 April 2007 Pipistrellus nathusii mn 1♂ Bird ringing station
Kuźnica 25 April 2007 Pipistrellus nathusii mn 1♂ Bird ringing station
Kuźnica 7 May 2007 Nyctalus noctula mn 1 Bird ringing station
Kuźnica 12 May 2007 Nyctalus noctula mn 1♀ Bird ringing station
Chałupy 2 June 2009 Pipistrellus pygmaeus ec (mn) 90 (9 ♀♀ ad.) Colony, roof of the house
Hel 22 May 2013 Vespertilio murinus f 1 Grounded near the entrance to the WW2
concrete shelter recently used for museum exhibitions
Kuźnica 22 August 2014 Pipistrellus nathusii rc 5 ♂♂ ad. 9 ♀♀ Bat boxes
Chałupy 21 November 2014 Myotis nattereri rc 1 (active) Small air-raid shelter
mn mist netting, f found, ph photographed, ec emergence count, rc roost check, ad. adult, juv. juveniles
Fig. 2 Habitat preferences of bats on Hel Peninsula, Poland (all species
and months lumped together for 2007–2008). The preferences are
expressed as model parameter estimates (odds ratio with 95 %
confidence intervals) from generalized additive mixed model presented
in Table 3. Additionally, mean occurrences per 1 km of transect are visu-
alized with bars
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late summer/autumn periods but we failed to confirm the first
and the third prediction, i.e. that spatial concentrations of for-
aging individuals would occur in June–July and that no sig-
nificant relationship would occur between distance from the
mainland and bat activity also in the August–September peri-
od. Thus, we rejected the hypothesis that the Hel Peninsula
hosts permanent breeding bat populations in early summer
and serves as a migratory corridor in autumn. Additionally,
we found that the presence of bats on the Peninsula was en-
hanced by westerly winds (i.e. blowing from nearby mainland
areas) and that their occurrence was the highest in coniferous
and mixed forests, i.e. the habitats providing shelter from
stronger winds.
Seven bat species were recorded in the Hel Peninsula dur-
ing the present study. This number might increase during fur-
ther studies, as the additional two species were found in the
adjacent mainland part of the Polish Baltic Sea Coast, belong-
ing—as the Peninsula itself—to the Coastal Landscape Park.
These species are the brown long-eared bat, P. auritus (one
hibernating individual in the village of Mosty; Ciechanowski
Table 4 Summary of generalized additive mixed model explaining the occurrence of bats in relation to habitat characteristics and parameters of
controls on Hel Peninsula, Poland, in years 2007–2008
Source of variation Exp(B) 95 % CI exp(B) t value p value
Linear fit
Intercept 0.00 0.00 0.00 −7.02 <0.0001
Habitat=coniferous forests 5.41 1.11 26.39 2.09 0.0373
Habitat=mixed forests 63.38 5.30 758.71 3.28 0.0011
Habitat=ports 0.92 0.07 12.06 −0.06 0.9493
Habitat=forest edges 2.92 0.57 14.88 1.29 0.1976
Habitat=rails and roads 1.18 0.24 5.77 0.20 0.8399
Habitat=build-up areas 2.97 0.55 16.06 1.26 0.2073
Habitat=coastal marshes 1.59 0.14 18.15 0.37 0.7094
Habitat=beaches (reference) 1.00
Order=night 0.56 0.35 0.88 −2.50 0.0127
Order=evening (reference) 1.00
Temperature 1.37 1.14 1.65 3.36 0.0009
Wind speed 0.88 0.72 1.08 −1.25 0.2112
Spline fit edf F value p value
s (day: distance) 6.36 9.30 <0.0001
For each level of explanatory variables, odds ratio (exp(B)) with 95% confidence interval (CI), test statistics and significance are given and for spline fit,
the estimated number of degrees of freedom (edf), test statistics and significance. Statistically significant values are written in bold
Fig. 3 The effect of distance to mainland on the Hel Peninsula, Poland,
relative to the Julian date in 2007–2008, fitted with spline interaction in
generalized additive mixed model, on the occurrence of bats, revealed by
ultrasound detection. a Averaged probability of bat occurrence marked
with isolines, b–d expected probability of bat occurrence (black curve
with 95 % CI marked in grey) along the distance to mainland for
coniferous forest and three different dates corresponding to beginning,
middle and end of the study period
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et al. 2000), and the northern bat, E. nilssonii (one, non-
breeding female found grounded in the c i ty of
Władysławowo at the base of the Peninsula; Ciechanowski
and Szkudlarek 2003).P. auritus, as it emits echolocation calls
of very low amplitude (Ahlén 1990), might remain undetected
due to the relatively low sensitivity of the frequency division
system (Pettersson 2002). Even with more sensitive hetero-
dyne detector, it may be hard to detect Plecotus, as the device
is narrowband and contact with such a ‘whispering’ bat is
often too short to adjust frequency. The undetermined
Myotis calls most probably represented either Daubenton’s
bat, M. daubentonii, belonging to the most widespread and
numerous bat species in northern Poland (Sachanowicz et al.
2006) or Natterer’s bat, M. nattereri, recorded in the Hel
Peninsula in autumn 2014. The low quality of frequency di-
vided recordings makes it impossible to distinguish between
these species of Myotis due to the strong overlap of their call
parameters; time-expanded or high-frequency (full spectrum)
recordings are necessary to solve this problem.
The Hel Peninsula appears to be an area with poor bat
fauna; its climatic and geographic conditions are not con-
ducive to the formation of local bat populations. A rela-
tively low number of bat observations (31 during 36 eve-
nings) and, consequently, almost complete lack of bat ac-
tivity on the majority of transects in early summer (medi-
an 0.0 passes/transect) support this hypothesis. For com-
parison, in mosaic landscapes of Pomeranian mainland,
during 69 evenings in June–July, 4063 bat passes, roughly
corresponding to ‘bat observations’ in the recent study,
were recorded; the transects were checked in a similar
manner, i.e. two 45-min walks per evening, the first
starting 30 min after sunset (Ciechanowski 2015). Strong
gusty winds during the whole year and rapid weather
changes can result in unpredictable food resources for
bats, which are dominated by airborne insects. Strong
winds might be also an obstacle for the movement be-
tween roosts. Coastal pine forest, typical for the Hel
Peninsula might be poor in natural tree holes, which are
the main roost type for some species, due to the low
height and diameter of the trees. Moreover, buildings have
recently been modernized and adapted to host an increas-
ing number of tourists, an achievement that has, presum-
ably, reduced the number of available daily roosts. The
almost complete lack of fresh water bodies might restrict
insect prey abundance (rivers, lakes and ponds are the
most frequently visited foraging sites; Walsh and Harris
1996, Russ and Montgomery 2002) but especially results
in the lack of drinking sites, which are crucial for the
maintenance of bat populations (Adams et al. 2003,
Adams and Thibault 2006).
We presumed that the observed individuals were mostly
solitary males, or non-breeding females, as Johansson and
De Jong (1996) suggested for the smallest islands on
Scandinavian lakes. During detector studies, no large concen-
trations of foraging bat individuals, characteristic for the
neighbourhood of maternal roosts and the presence of nursery
colonies (Dietz et al. 2006) were found. Probably, a
combination of unfavourable conditions in the study area
made a formation of nursery colony impossible, at least
in 2007–2008, by not maintaining sufficient food re-
sources for pregnant and lactating females. The breeding
bat females require abundant and easily available prey
due to their high energy requirements (Racey and
Speakman 1987); thus, they occupy roosts located as
close as possible to optimal foraging sites (Dietz et al.
2006), the availability of which affects the size of the
maternal colonies, the number of newborn young, and
their growth rate (Kunz 1974; Dietz et al. 2006).
Ephemeral nursery colonies were found before
(P. nathusii in 1996) and after (P. pygmaeus in 2009)
the period of the main detector study. Presumably, in
some years, food resources on the Peninsula are more
favourable and allow local breeding populations to form
de novo. On a transect that appeared later to neighbour a
maternal roost of P. pygmaeus in Chałupy, only single
bat passes (of any species) were recorded in the early
summers of 2007 and 2008, whereas P. pygmaeus was
one of the rarest bat species on the Hel Peninsula during
the detector study.
Migratory status varies among the bat species recorded on
the Peninsula. E. serotinus, predominant in early summer, is
considered sedentary (Strelkov 1969). The most numerous
species in late summer, i.e. during the autumn migration,
was P. nathusii, which is known to undertake long-distance
migrations; its longest recorded flight was 1905 km from
Latvia to Croatia (Petersons 2004). Such long-distance move-
ments in Europe are also undertaken by N. noctula and
V. murinus (Strelkov 1969). However, the majority of popula-
tions of P. pipistrellus in Central and Western Europe are con-
sidered sedentary, although at least part of the eastern popula-
tions occasionally migrate (the longest European distance was
1123 km; Hutterer et al. 2005). The majority of these data
were, however, collected before P. pygmaeus was distin-
guished by taxonomists (Jones and Barratt 1999); thus, the
proportion of cases that represent long-distance movements
of P. pipistrellus in Europe might in fact be associated with
its sibling species. Judging from scarce available data,
P. pygmaeus appeared to be a typical migratory species; the
longest known migratory distance covered was 775 km from
Germany to Croatia (Dietz et al. 2009).
In late summer, a threefold increase in the number of
bat observations was noted on the Hel Peninsula.
Probably, the majority of recorded individuals appeared
on the peninsula during the dispersal of nursery colonies
located on the mainland after the weaning of young.
Young bats leave maternal roosts at the end of July
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(Dietz et al. 2009). Furthermore, adult females leave the
colonies after lactation and enrich the bat fauna of the
surrounding areas. These phenomena might lead to a sig-
nificant correlation between the number of bat observa-
tions and the distance from mainland, as it might be ex-
pected that bat occurrence (and activity) is higher in close
proximity to the source of dispersal. That correlation,
however, provides evidence that Hel Peninsula is not a
migratory corridor for bats in autumn, although the dom-
inant species in that period, P. nathusii, is a long-distance
migrant (Petersons 2004). Even if most individuals of the
latter species visit the Peninsula during their seasonal mi-
gration, they probably get there when deviating from typ-
ical migratory path along the Baltic Coast and entering a
‘dead end’ byway. The same path might be used by sed-
entary E. serotinus during its late summer dispersal, fur-
ther enriching the local bat fauna.
Some peninsulas can, indeed, act as stopovers and corri-
dors for migrating bats. Orientation of those peninsulas, how-
ever, may have to align with the direction of the bats’ migra-
tory movements (Dzal et al. 2009; McGuire et al. 2012). Thus,
one may expect that the Hel Peninsula is used more intensive-
ly as a migratory path by bats in spring, when they migrate
along the coast from the west to the east. When birds move
from their winter sites to their breeding areas, they enter the
Hel Peninsula from its base (Busse 1976). Bats might behave
similarly and although detector studies did not cover spring,
captures of bats on the seasonal bird ringing station in Kuźnica
and the only peninsular record of V. murinus support this sug-
gestion. During the autumn migration, most birds, and proba-
bly bats, which move from the east to the west, also fly along
the coast and thus avoiding the Hel Peninsula, which would
lead them back to the east if they entered it. The Vistula Spit,
another section of the Polish Baltic Sea Coast with a similar
origin and morphology, which separates the Gulf of Gdańsk
from the Vistula Lagoon, represents a different situation. It
runs from the northeast to the southwest and thus acts as a
main migratory corridor for P. nathusii, which results in a
several-fold increase in their number in August and
September (Jarzembowski 2003). However, we cannot ex-
clude that a significant portion of individuals migrate along
the coast of the Gulf of Gdańsk in autumn and might be
brought to the Hel Peninsula accidentally by stronger winds
from the adjacent mainland. A change in flight direction
caused by strong winds was suspected to be the reason for
the occurrence of P. nathusii on oil platforms in the North
Sea (Boshamer and Bekker 2008). The slight prevalence of
bat observations during westerly winds (i.e. blowing from
mainland), compared to those in other wind directions sup-
ported this hypothesis. Westerly winds may enhance dispersal
of local individuals from mainland; however, in both cases,
their association with increase in the number of bat observa-
tions suggests that bat fauna of the Hel Peninsula becomes
enriched by weather-assisted influx of individuals from out-
side, more or less distant areas.
Some bats that use the Hel Peninsula during autumn mi-
gration might represent individuals flying across the Baltic
Sea from Scandinavia. This might be a further explanation
for the much more intensive bat activity at the base of the
Peninsula, i.e. the closest point to the southern coast of
Sweden. Migration of P. nathusii across the Baltic Sea to
Poland was suggested by Ahlén (1997), who observed indi-
viduals moving from projecting points of Scandinavia into the
open sea. Some bat species banded in Sweden were
recaptured on the other side of the Baltic Sea, including
N. noctula recorded in Germany and P. nathusii recorded in
Germany and Belgium (Ahlén 1997). Later study allowed the
collection of 4051 observations of bats belonging to 11 spe-
cies that crossed the Baltic Sea, including some species clas-
sified as sedentary (Ahlén et al. 2009). Additionally, stable
isotope analysis of fur of N. noctula wintering in Germany
revealed that some of them are of Scandinavian origin (Voigt
et al. 2014).
Preference to deciduous and mixed woodlands by hunting
and commuting insectivorous bats was reported in earlier
studies (Russ and Montgomery 2002, Walsh and Harris
1996). However, that habitat class on Hel Peninsula is of mar-
ginal importance only. Coniferous woodlands have been re-
ported as avoided by bats (Russ and Montgomery 2002), but
this is not the case in landscapes dominated by such forests,
e.g. in Finland (Wermundsen and Sivonen 2008) or, as we
found, in the Polish Baltic Sea Coast. Also, Walsh and
Harris (1996) found that bats selected coniferous forest edges
and openings, along with deciduous forests. On islands and
peninsulas surrounded by sea, any patch of woodland is, pre-
sumably, selected by bats, irrespective of tree species compo-
sition, as it provides shelter from strong winds and amount of
prey unavailable in the nearby open areas. Observed habitat
selection might be treated as evidence contrary to the hy-
pothesis that Hel Peninsula acts as a migratory corridor, as
migrating P. nathusii, for example, do not stay for long in
any particular type of habitat, as they appear not to use
stopovers, but instead apply a fly-and-forage strategy
(Šuba et al. 2012). However, some long-distance migrants
(e.g. Nearctic Lasionycteris noctivagans) regularly use
stopovers (Dzal et al. 2009; McGuire et al. 2012); thus,
they might be expected to select the most productive hab-
itats for refuelling.
Our study confirmed that some topographically isolated
parts of the sea coasts, such as sandbars and peninsulas, can
host only a very impoverished summer bat fauna, both qual-
itatively and quantitatively; however, bat population density
(here deduced from bat activity, treated as proxy) in-
creases during the period of seasonal migrations and
post-breeding dispersal, even if they do not act as a part
of the migratory corridor.
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